ABSTRACT Event-triggered control is a control strategy, which possesses advantages in applications where communication resources are scarce. In this paper, we study event-triggered control for switched delay systems. The proposed triggering condition is satisfied only if an error signal exceeds a dynamic threshold. Sampler updates and transfers the information of states and switching signal to controller when the event is triggered, under which asynchronous switching cannot be avoided. We therefore consider asynchronous switching control for switched delay systems also. The switching signal is assumed satisfying an average dwell time condition, under which globally exponential stability of the closed-loop system can be guaranteed. Finally, a simulation example is given to show the developed result.
I. INTRODUCTION
Switched systems are a special class of hybrid systems. A switched system usually consists of a finite number of subsystems and a logical rule that orchestrates switching between the subsystems [1] . Many practical systems can be modeled as switched systems, such as chemical processes, switched RLC circuits and intelligent transportation systems [2] . The co-design of a switching signal and a switching controller to stabilize a switched system turned into a hot topic in the past two decades and lots of works focus on it (see [3] - [10] and the references therein). On the other hand, delays exist almost everywhere, see [11] - [18] . A switched delay system is a switched system which subsystems are consists of delay systems [19] . Switched delay systems have been paid lots of attention with both theoretical and practical importance [20] . Most of the existing references study the stabilization problem of switched delay systems under continuous feedback control. In fact, digital controllers are often used to control physical plants since they can reduce information transmission frequency. Although periodical sampling control can simplify the design and analysis of systems [21] , the fixed sampling rate regardless of whether they are really necessary or not would lead to higher system costs. To cope with the problem arising from periodical sampling control, eventtriggered control is proposed. Event-triggered control is a control strategy in which the control task is executed after the occurrence of an external event. Several event-triggered control strategies have been proposed in [22] - [26] . However, it is worth pointing out that the results of these references all focus on non-switched systems.
Recently, some results on sampling control of switched linear systems have been obtained, see [27] - [32] . However, in [27] - [29] , the authors investigate periodic sampling control of switched linear systems which is still with conservativeness as mentioned above, and in [30] - [32] , the authors propose event-triggered control of switched systems under synchronous switching strategies. In fact, discrete sampling link usually destroys synchronization between system and controller since switching signal is also transmitted by sampled mechanism. Asynchronization between sampling time instant and switching time instant leads to asynchronous switching between system and controller. Wu et al. [33] , [34] , Cheng et al. [35] , Zhang and Gao [36] , Zhao et al. [37] , and Wang et al. [38] study asynchronous switching control for switched systems under continuous feedback control, in which asynchronous switching is caused by transmission delays. To the best of our knowledge, few result has appeared on event-triggered control for switched delay systems under asynchronous switching control. Moreover, as in many practical situations not all the states are available for feedback.
From the above analysis, in this paper, we mainly focus on the study of observer-based event-triggered control of switched delay systems. The main contributions of the paper are as follows. (1) We propose an observer-based eventtriggered control for switched delay systems, in which the event is triggered whenever a certain error exceeds a dynamic threshold. We obtain an exponential stability criterion for the closed-loop switched delay system. (2) Different from [38] , we consider asynchronous switching control which is caused by discrete sampling mechanism. A switching controller is designed for switched delay system to achieve stabilization combining with switching policies provided by an average dwell time condition. The paper is organized as follows. Section II defines switched delay system, and designs state observer and event-triggered condition. Section III analyzes stability of the closed-loop switched delay system. A simple numerical example is presented in Section IV to show the developed result, and Section V concludes the whole paper. 
II. PROBLEM STATEMENT A. SYSTEM DESCRIPTION
The event-triggered control system is shown in Fig. 1 . The plant considered here is the continuous-time switched delay system
(1)
is a collection of matrix pairs defining individual subsystem of system (1), τ is a constant delay, φ(θ) is a continuously differential vector initial function on [−τ, 0], t 0 is the initial time. Corresponding to switching signal σ , there exists a switching sequence We design a full-order exponential observer for system (1) . First, we construct sub-observeṙ
for subsystem i, wherex(t) ∈ R n is observer state, L i is observer gain of subsystem i. Let error be e(t) = x(t) −x(t).
From (1) and (3), we havė
Definition 1: If system (4) is exponentially stable, then (3) is an exponential observer of subsystem i.
Based on Definition 1, we propose a lemma to design observer (3) such that (3) exponentially estimates the state of subsystem i.
Lemma 1: For given scalars α > 0 and τ > 0, system (3) is exponentially stable if there exist matrices P i > 0,
then from Definition 1, we know that (3) is an exponential observer of subsystem i and observer gain L i is given
Choose the Lyapunov-Krasovskii functional candidate for system (4) as
Taking the time derivative of V i (t) along solutions of system (4), we havė
From (4), for any invertible matrix S i with appropriate dimensions, we have
Adding (8) into (7), we havė
where
Integrating the inequalityV i (t)+αV i (t) < 0 from t 0 to t gives
which guarantees that system (4) is exponentially stable. From Definition 1, we know that Lemma 1 guarantees (3) is an exponential observer of subsystem i.
From (3) and (4), we obtain switched observeṙ (11) and error systeṁ
with the same switching rule of system (1).
Definition 2:
The equilibrium x = 0 of system (1) is said to be globally uniformly exponentially stable under σ , if the solution x(t) of system (1) satisfies
for positive constants κ and λ, where
Lemma 2: For any real vectors u, v and matrix Q > 0 with compatible dimension, the following inequality holds
Lemma 3: For any constant matrix M > 0, scalars r 1 , r 2 satisfying r 1 < r 2 , and a vector function ω : [r 1 , r 2 ] → R n such that the integrations concerned are well defined, then
Lemma 4: (Schur Complement) For the given matrix
where S 11 = S T 11 , S 22 = S T 22 , the followings are equivalent:
C. SAMPLING MECHANISM
In order to avoid frequent communication, we introduce an event-triggered sampling mechanism between observer and controller. The sampling mechanism receives state information from observer and monitors an event-triggered condition continuously to determine whether an event is generated or not. The control input is determined by sampled state and switching signal transmitted from sampler. We set the triggering condition as
T , η is a positive threshold, and {t k } ∞ k=0 witht k <t k+1 denotes time instants when an event is triggering. Controller updates the newest state information and switching signal when an event occurs, and holds until the next event occurs. Asynchronous switching is thus caused between system and controller. A long asynchronous period would lead to instability of the closed-loop system, we hence introduce an assumption that 0 < τ m < τ d , where τ d and τ m denote dwell time and the maximally asynchronous period, respectively. With the statê x(t k ) sampled at instantt k , the next sampling instantt k+1 is determined bŷ
Without loss of generality, we supposet 0 = t 0 and n samplings occur on non-switched interval [t i , t i+1 ) andt k+1 is the first sampling instant on this interval. Moreover, in order to simplify analysis process, we suppose from (2) that subsystem j is the l i−1 th subsystem, which is active on non-switched interval [t i−1 , t i ) and subsystem i is the l i th subsystem activating on [t i , t i+1 ), where i, j ∈ M possess arbitrariness. For t ∈ [t i , t i+1 ), controller can be set to
where K i and K j are controller gains of subsystems i and j, respectively. Between the consecutive samplings, controller only updates state information and switching information at sampling instants. We hence introduce a zeroorder holder to keep control signal continuously. For t ∈ {[t i ,t k+1 ), · · · , [t k+n , t i+1 )},ê(t) =x(t)−x(t k+j ) holds for all j = 0, 1, · · · , n. Thus, when subsystem i is active on [t i , t i+1 ), the closed-loop form of (3) can be written aṡ
Recall e(t) = x(t) −x(t) and ξ (t) = [x T (t) e T (t)] T , we havė
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Now, our task is to analyze stability of the generalized systemξ
which is equivalent to system (1) under control input (15), whereĀ
III. MAIN RESULT
The following theorem presents a sufficient condition for exponential stability of system (18) . Theorem 1: Consider system (18) with sampling instants determined by (14) . For given positive scalars τ, µ > 1, λ s , λ u , η and τ m , if there exist matricesP ij > 0,Q ij > 0, (21) , as shown at the bottom of the this page, hold, where (18) is exponentially stable for any switching signal with average dwell time τ a satisfying
and controller gain can be obtained by (18) switches from subsystem j to subsystem i. However, sampler does not work on this interval, and therefore controller u j is still working. We take piecewise Lyapunov-Krasovskii functional as 
Taking the time derivative of (23) along solutions of system (18) giveṡ
From Lemma 3, we have (25) From (18), for any invertible matrix M j = diag{M j ,M j } with appropriate dimensions, we have
Remark 1:
In (26), we introduce free weighting matrix M j to relate items ξ (t), ξ (t −τ ),ẽ(t) andξ (t). M j can be obtained by solving linear matrix inequalities (19)- (21), as shown at the bottom of the previous page. Please refer to [18] for the free-weighting matrix method.
From Lemma 2, there exist
and 2ξ
Combining (25)- (28) together with (24) and taking into account condition (13), we havė
Therefore, ij < 0 impliesV ij (t) < λ u V ij (t). Integrating this inequality from t i to t, we have
For t ∈ [t k+1 , t i+1 ), there is no switching on this interval, sampler only transmits switching signal at time instantt k+1 , and controller u i will activate until the first sampling instant t k+n+1 on interval [t i+1 , t i+2 ). Therefore, subsystem i and controller u i activate synchronously on [t k+1 , t i+1 ). We take piecewise Lyapunov-Krasovskii functional as
From (18), for any invertible matrix M i = diag{M i ,M i } with appropriate dimensions, we have
Moreover, from Lemma 2, there exist matricesN i = diag{Ñ i ,Ñ i } > 0 ∀ M with appropriate dimensions, we have 2ξ
Adding (33) to (32) and taking (34), (35) and condition (13) into account, we havė
Therefore, i < 0 implies thatV i (t) < −λ s V i (t). Integrating this inequality fromt k+1 to t, we have
From (21), we have
wheret k+1−j denotes the (k + 1 − j)th sampling which is also the first sampling instant on the interval
Moreover, from (23) and (31), we have
and
Combining (38)- (41), we have 
Hence, according to Definition 2, exponential stability of system (18) is guaranteed from (42) when condition (22) holds.
From the above analysis, we know that inequalities ij < 0 and i < 0 are both nonlinear matrix inequalities. Applying Lemma 4, inequalities ij < 0 and i < 0 can be converted into
where 11
j } on both sides of (43) and multiplying diag{M
i } on both sides of (44), then we substitute matrix parameters of (18) and
, we obtain linear matrix inequalities (19) and (20) , which can be easily solved by LMI toolbox.
Remark 2: The proposed method in this paper is effective to handle the same problem of switched linear system which removes delay from system (1). The proof can be easily deduced from Theorem 1. 
IV. A SIMULATION EXAMPLE
Consider switched delay system
where σ ∈ {1, 2}, and system matrix parameters are Taking η = 0.5, λ s = 0.1, λ u = 1, µ = 1.1 and τ m = 0.8. We can obtain the minimal dwell time τ * a = 1.7906 from (22) . Memorizing values of obtained observer gains and solving inequalities (19) - (21) 
V. CONCLUSIONS
In this paper, we have obtained a stabilizable condition for switched delay systems under event-triggered control. Asynchronous switching induced by the employed sampling scheme has been considered. A sufficient condition has been formed to guarantee globally exponential stability of the closed-loop system subject to an average dwell time switching strategy. The future work can apply the proposed method to handle with T-S fuzzy systems with delayed signals [39] .
